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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric ceramic free from lead, having the 
high Curie point, and further having excellent piezoelectric characteristics. 
SOLUTION: This piezoelectric ceramic is a bismuth layered compound containing Mil, Bi, 
Ti, Ln and O (MM is at least one kind of elements selected from Sr, Ba and Ca; and Ln is at 
least one element selected from lanthanides), and contains MIIBi4Ti4015 type crystal. 
Further, the molar ratio Ln/(Sr+Ln) satisfies the inequality: 0<Ln/(Sn+Ln)<0.5, and the 
molar ratio 4Bi/Ti satisfies the formula: 4.000<4Bi/Ti<4.030. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] When at least one sort of elements chosen from Sr, Ba, and calcium are expressed with 
Mil and at least one sort of elements chosen from a lanthanoids are expressed with Ln, It is a 
bismuth stratified compound containing Mil, Bi, Ti, Ln, and O. Electrostrictive ceramics whose 
mole-ratio Ln/(Sr+Ln) is 0<Ln/(Sri-Ln) <0.5 including a MIIBi4Ti4015 mold crystal and whose 
mole-ratio 4 Bi/Ti is 4.000<4 Bi/Ti<=4.030. 

[Claim 2] Electrostrictive ceramics of claim 1 containing Mn oxide. 

[Claim 3] Electrostrictive ceramics of claim 2 the content of Mn oxide converts into MnO and is 
[ claim ] under 0.62 mass %. 

[Claim 4] One electrostrictive ceramics of claims 1-3 containing Co oxide. 

[Claim 5] Electrostrictive ceramics of claim 4 whose content of Co oxide is under 0.7 mass % in 

CoO conversion. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrostrictive ceramics which it can be broad 

in fields, such as a resonator and a pressure sensor, and can be applied to them. 

[0002] 

[Description of the Prior Art] A piezo electric crystal is an ingredient which has the piezo-electric 
effect from which electric polarization changes, and the inverse piezoelectric effect which generates 
distortion by impressing electric field by receiving stress from the exterior. The piezo electric crystal 
is applied to the sensor for measuring a pressure and deformation, the resonator, the actuator, etc. 
[0003] The great portion of piezoelectric material by which current utilization is carried out has the 
common ferroelectric which has perovskite structures, such as a PZT (PbZr03-PbTi03 solid 
solution) system of tetragonal system or a rhombohedral system, and PT (PbTi03) system of 
tetragonal system. And the correspondence to various demand characteristics is aimed at by adding 
various accessory constituents to these. 

[0004] However, the piezoelectric material of a PZT system or PT system has many whose Curie 
point is about 300-350 degrees C in a practical presentation. On the other hand, since the processing 
temperature in the present soldering process is usually 230-250 degrees C, the piezoelectric material 
whose Curie point is about 300-350 degrees C tends to produce property degradation in a soldering 
process. And if the solder (lead-free soldering) which does not contain lead is put in practical use, 
the processing temperature in a soldering process will become still higher. Therefore, it is very 
important to make the Curie point of piezoelectric material high. 

[0005] Moreover, since these lead system piezoelectric material contains volatile, very high lead 
oxide (PbO) in the large quantity (60 - 70 mass % extent) also at low temperature, it is not desirable 
from the field of an ecological standpoint and prevention of pollution. In case these lead system 
piezoelectric material is manufactured as the ceramics or a single crystal, heat treatment of baking, 
melting, etc. is unescapable, and when it thinks on industrial level, specifically, volatilization into the 
atmospheric air of the lead oxide which is a volatile component, and a diffusing capacity become 
very abundant. Moreover, although the lead oxide emitted in a manufacture phase is recoverable, 
when the lead oxide contained in the piezoelectric material paid for the commercial scene as an 
industrial product cannot be collected by the most in the present condition, and these are large and it 
is emitted into an environment, becoming the cause of a public nuisance is not avoided. 
[0006] Although BaTi03 of the perovskite structure belonging to tetragonal system is well known as 
a piezoelectric material which does not contain lead at all, for example, since this has the Curie point 
as low as 120 degrees C, it is not practical. Moreover, although the TiO(Bi(l-x)l / 2Na 1/2)3- 
xNaNb03 solid solution of a perovskite structure is indicated by JP,9-100156,A, that to which the 
Curie point exceeds 370 degrees C is not indicated by this official report. 

[0007] As a piezo electric crystal as for which the Curie point is made to 500 degrees C or more, the 
bismuth stratified compound is known, for example. However, the bismuth stratified compound 
which does not contain lead at all has the problem that Qmax which becomes important is small, 
when applying to a resonator. Qmax is tanthetamax when setting maximum of a phase angle to 
thetamax. That is, when X is made into a reactance and R is made as resistance, it is the maximum of 
Q between resonance frequency and antiresonant frequency (=|X|/R). An oscillation is stabilized, so 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



6/1/2006 



JP,2001-220226,A [DETAILED DESCRIPTION] 



Page 2 of 6 



that Qmax is large, and an oscillation by the low battery is attained. 

[0008] the collection of lecture drafts of 16th ferroelectric application meetings (1999. 5.26-29) ~ 
the report which raises Qmax of the bismuth stratified compound which does not contain lead at all 
to the 97-98th page is indicated. Bi4Ti 4015 is indicated by this report as a bismuth stratified 
compound which does not contain lead (Srl-xMex). It is Me=Ba, and calcium, La, Sm and Gd, and 
the range of Ba and calcium is x<=0.1, the range of Sm and Gd is x<=0.4, and La is added in 
x<=0.5. By the above-mentioned collection of lecture drafts, Qmax in thickness length fundamental 
vibration is measured, and it is shown in Fig.2 that Qmax improves by addition of La and that Qmax 
falls by addition of Ba or calcium. 
[0009] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 
electrostrictive ceramics which has the piezo-electric property which was high and was excellent 
excluding lead. [ of the Curie point ] 
[0010] 

[Means for Solving the Problem] The above-mentioned purpose is attained by this invention of 
following the (1)- (5). 

(1) When at least one sort of elements chosen from Sr, Ba, and calcium are expressed with Mil and 
at least one sort of elements chosen from a lanthanoids are expressed with Ln, It is a bismuth 
stratified compound containing Mil, Bi, Ti, Ln, and O. Electrostrictive ceramics whose mole-ratio 
Ln/(Sr+Ln) is 0<Ln/(Sr+Ln) <0.5 including a MIIBi4Ti4015 mold crystal and whose mole-ratio 4 
Bi/Ti is 4.000<4 Bi/Ti<=4.030. 

(2) Electrostrictive ceramics of the above (1) containing Mn oxide. 

(3) Electrostrictive ceramics of the above (2) the content of Mn oxide converts into MnO and is 
[ above ] under 0.62 mass %. 

(4) One electrostrictive ceramics of above-mentioned (1) - (3) containing Co oxide. 

(5) Electrostrictive ceramics of the above (4) whose content of Co oxide is under 0.7 mass % in CoO 
conversion. 

[0011] 

[Embodiment of the Invention] When at least one sort of elements chosen from Sr, Ba, and calcium 
are expressed with Mil and at least one sort of elements chosen from a lanthanoids are expressed 
with Ln, the electrostrictive ceramics of this invention is a bismuth stratified compound containing 
Mil, Bi, Ti, Ln, and O, and is a multiple oxide including a MIIBi4Ti4015 mold crystal. 
[0012] Mole-ratio 4 Bi/Ti is 4.000<4 Bi/Ti<=4.030 in the electrostrictive ceramics of this invention. 
Thus, Qmax improves by making Bi rich to MIIBi4Ti 4015 which is stoichiometric composition. 
However, if 4 Bi/Ti exceeds 4.03, insulation resistance will become low and polarization processing 
will become difficult. Moreover, Qmax will also become rather low. In addition, in order to make the 
rate of improvement of Qmax high, considering as 4.01 0<4 Bi/Ti is desirable. Moreover, in order to 
suppress the fall of insulation resistance further, being referred to as 4 Bi/Ti<=4.028 is desirable. 
[0013] The electrostrictive ceramics of this invention contains a lanthanoids oxide in order to raise 
Qmax further. They are La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, among 
these, at least one sort of a lanthanoids of La, Nd, Sm, Gd, Dy, Ho, Er, and Yb is desirable, and its 
La is the most desirable. Mole-ratio Ln/(Ln+MII) in the electrostrictive ceramics of this invention is 
0<Ln/(Ln+MII) <0.5, and is 0.03 <=Ln/(Ln+MII) <=0.3 preferably. Qmax will become rather low if 
Ln/(Ln+MII) is too large. It is thought that the improvement in Qmax by addition of Ln oxide is 
based on improvement in a degree of sintering. Moreover, this is improved by addition of Ln oxide 
although the CaBi4Ti4015 system ceramics which does not contain Ln oxide is difficult 
polarization. 

[0014] Moreover, Qmax can be raised also by making Mn oxide contain. Qmax can be remarkably 
raised by carrying out compound addition of Mn oxide and the Ln oxide especially. However, if 
there are too many contents of Mn oxide, since insulation resistance will become low and 
polarization processing will become difficult, the content of Mn oxide is converted into MnO and is 
more preferably made below into 0.43 mass % still more preferably below 0.60 mass % under 0.62 
mass %. On the other hand, in order to fully demonstrate the effectiveness by addition of Mn oxide, 
as for Mn oxide, it is desirable to convert into MnO and to contain more than 0.02 mass %, and when 
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it contains more than 0.03 mass %, especially the improvement effectiveness in Qmax becomes high. 

[0015] Moreover, Qmax can be raised also by making Co oxide contain. In order to fully 
demonstrate the improvement effectiveness in Qmax, it is desirable to carry out the content of CoO 
conversion to more than 0.1 mass %. However, if there are too many contents of Co oxide, insulation 
resistance will become large and polarization will become difficult. Therefore, the content of CoO 
conversion is preferably made under into 0.7 mass %, and is more preferably made below into 0.5 
mass %. In addition, you may add independently, respectively and Mn oxide and Co oxide may be 
used together. 

[0016] When the mole ratio in Mil is expressed with SrxBayCaz (however, x+y+z=l), it is desirable 
that it is 0<=x<=l, 0<=y<=0.9, and 0<=z<=l. If the ratio y of Ba occupied to Mil becomes high too 
much, it will become easy to fuse electrostrictive ceramics at the time of baking. 
[0017] Although it is desirable to consist of this crystal substantially including the MIIBi4Ti4015 
mold crystal which is a bismuth stratified compound as for the electrostrictive ceramics of this 
invention, even if not completely homogeneous, it may contain the unusual appearance, for example. 
Although it is thought that Ln has mainly permuted the ME site of a MHBi4Ti4015 mold crystal in 
this electrostrictive ceramics, the part may permute other sites and the part may exist in the grain 
boundary. 

[0018] Generally, that what is necessary is just that from which 4 Bi/Ti (=b) serves as said range in 
BibTi(MIIl-aLna)40, the presentation by the whole electrostrictive ceramics of this invention may 
be deflected from these, although MnO and CoO shall just be added to this when it contains Mn 
oxide and Co oxide. For example, the ratio to Ti (MII+Ln) may shift from stoichiometric 
composition about **5%. Moreover, the amount of oxygen may also change according to a valence, 
an oxygen defect, etc. of a metallic element. 

[0019] Although Pb oxide, Cr oxide, Fe oxide, etc. may contain as an impurity thru/or a minute 
amount additive in the electrostrictive ceramics of this invention, the content of these oxides is 
converted into the oxide of stoichiometric composition, such as PbO, Cr 203, and Fe203, it is 
desirable that it is below the whole 0.5 mass %, respectively, and it is more desirable that it is below 
0.5 mass % also in the sum total of these oxides. When there are too many contents of these oxides, 
the effectiveness of this invention may be spoiled. In addition, although it is most desirable that Pb is 
not contained in the electrostrictive ceramics of this invention, it will be substantially satisfactory if 
it is the content of above-mentioned extent. 

[0020] The crystal grain of the electrostrictive ceramics of this invention does not have fusiform, and 
is needlelike. Although especially the diameter of average crystal grain is not limited, in the direction 
of a major axis, 1-10 micrometers is 3-5 micrometers more preferably. 

[0021] The Curie point of the electrostrictive ceramics of this invention is easy to be able to consider 
as at least 380 degrees C or more, and to consider as 430 degrees C or more. 

[0022] The electrostrictive ceramics of this invention is suitable for a resonator, a high-temperature- 
service sensor, etc. 

[0023] Especially the mode used of the electrostrictive ceramics of this invention is not limited, for 
example, any modes, such as thickness longitudinal oscillation and thickness skid vibration, are 
available. Comparatively high Qmax is obtained in thickness length fundamental vibration. 
However, spurious vibration increases, consequently the stability of an oscillation becomes a little 
low. On the other hand, in the 3rd higher-harmonic mode of thickness longitudinal oscillation, 
although Qmax becomes small, spurious vibration decreases. On the other hand, in thickness skid 
fundamental vibration, Qmax with it is obtained. [ there is little spurious vibration and big enough ] 
[0024] In addition, according to research of this invention persons, when thickness skid vibration 
was used, it turned out that the temperature characteristic of resonance frequency becomes 
comparatively steep, and the temperature dependence of an oscillation frequency becomes 
comparatively large. Then, as a result of repeating an experiment further, the fact of set the mole 
ratio in Mil to x / 6+0.2<=y<=0.8, i.e., by making into predetermined within the limits the ratio of 
Ba+calcium which occupies in ME at least, using Ba and/or calcium as Mil, showed that the 
temperature characteristic of resonance frequency could be made quite flat. 
[0025] Although electrostrictive ceramics including a MIIBi4Ti4015 mold crystal was explained 
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above For example, a MHBi2Nb209 mold crystal, a MIIBi2Ta209 mold crystal, a Bi3TiNb09 mold 
crystal, a Bi4Ti3012 mold crystal, and a Bi4.5MI0.5Ti4O15 mold crystal (MI - Na -) Also in 
electrostrictive ceramics including at least one sort of alkali metals, such as K, and a 
MII2Bi4Ti5018 mold crystal, it is possible to raise Qmax by deflecting the ratio of the metallic 
element to contain from stoichiometric composition. 

[0026] An example of the manufacture approach, next the method of manufacturing the 
electrostrictive ceramics of this invention is explained. 

[0027] First, as a start raw material, an oxide or the compound which may change to an oxide by 
baking, for example, a carbonate, a hydroxide, an oxalate, a nitrate, etc. specifically prepare the 
powder of MIIC03, Bi203, Ti02, La203, Mn02, and MnC03 grade, and carry out wet blending of 
these with a ball mill etc. 

[0028] Subsequently, temporary quenching is carried out. In addition, temporary shaping is usually 
carried out before temporary quenching. 700-1000 degrees C of temporary-quenching temperature 
are 750-850 degrees C more preferably. If temporary-quenching temperature is too low, a chemical 
reaction will not fully be completed but will become inadequate [ temporary quenching ]. On the 
other hand, subsequent grinding becomes difficult in order that a temporary Plastic solid may begin 
to sinter, if temporary-quenching temperature is too high. Although especially temporary-quenching 
time amount is not limited, considering as 1 - 3 hours is usually desirable. 

[0029] The obtained temporary-quenching object is slurred and wet grinding is carried out using a 
ball mill etc. Although especially the mean particle diameter of the powder obtained by this grinding 
is not limited, when the ease of carrying out of subsequent shaping is taken into consideration, it is 
desirable to be referred to as about 1-5 micrometers. 

[0030] The powder of a temporary-quenching object is dried after wet grinding, after carrying out 
small quantity (4-8 mass % extent) addition of the water at a dry matter, press forming is carried 
out by the pressure of 100 - 400MPa extent, and a Plastic solid is acquired. Under the present 
circumstances, binders, such as polyvinyl alcohol, may be added. 

[0031] Subsequently, a Plastic solid is calcinated and electrostrictive ceramics is obtained. Burning 
temperature is preferably chosen from the range of 1 100-1250 degrees C, and makes firing time 
preferably about 1-5 hours. Baking may be performed in atmospheric air and you may carry out in 
the ambient atmosphere where oxygen tension is lower than the inside of atmospheric air, a high 
ambient atmosphere, or a pure oxygen ambient atmosphere. 

[0032] Polarization processing is performed after baking. Although what is necessary is just to 
determine the conditions of polarization processing suitably according to the presentation of 
electrostrictive ceramics, in polarization temperature, 150-250 degrees C and polarization time 
amount should just usually make polarization electric field 1.1 or more times of a coercive electric 
field for 1-30 minutes. 
[0033] 

[Example] In the following procedures, the electrostrictive ceramics sample shown in Table 1 was 
produced. 

[0034] as a start raw material - SrC03, Bi 203, and Ti02 and La2 - each powder of 03 and 
MnC03 was blended so that the last presentation might serve as Sr0.9La0.1BibTi4O15+MnO (0.5 
mass %), and wet blending was carried out for 16 hours with the ball mill which used the zirconia 
ball in pure water, b showing the content of Bi in the last presentation is shown in Table 1. 
[0035] Subsequently, mixture was fully dried, and after carrying out temporary shaping, temporary 
quenching was carried out into air for 2 hours. Temporary-quenching temperature was chosen from 
the range of 800-1000 degrees C. After carrying out coarse grinding of the obtained temporary- 
quenching object with a mortar, the stone milling machine ground further. Subsequently, it dried, 
after pulverizing with a ball mill for 16 hours. Subsequently, after 10 mass % Adding the polyvinyl 
alcohol solution 10% as a binder and granulating, press forming was carried out by the pressure of 
300MPa, and flat-surface dimension 20mmx20mm and a Plastic solid with a thickness of 13mm 
were acquired. After carrying out the vacuum packing of this Plastic solid, it fabricated by the 
pressure of 400MPa with a hydrostatic-pressure press. 

[0036] The acquired Plastic solid was calcinated. Baking was performed in the well-closed container 
made from MgO, in order to prevent evaporation of Bi. Burning temperature was chosen from the 
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range of 1 120-1235 degrees C, and firing time was made into 4 hours. 

[0037] After cutting down flat-surface dimension 15mmxl5mm and a plate with a thickness of 
0.55mm, lap polish was carried out and sheet metal with a thickness of 440 micrometers was 
obtained from the obtained sintered compact. Cu electrode was formed in the vertical side of this 
sheet metal by vacuum evaporationo, and the sample for piezo-electric property measurement and 
the sample for specific resistance measurement were obtained. 

[0038] The electric field more than 1.5xEC (MV/m) were impressed for 1 minute all over the 250- 
degree C silicone oil bath, and polarization processing was performed to the sample for piezo- 
electric property measurement. In addition, Above EC is the coercive electric field of each sintered 
compact in 250 degrees C. 

[0039] Subsequently, after removing Cu electrode by etching using FeC12 solution, it started to flat- 
surface dimension 7mmx4.5mm, and the chip was obtained so that the direction of polarization 
might turn into the thickness direction. Ag electrode for evaluating thickness longitudinal oscillation 
was formed in the vertical side of this chip with vacuum deposition. The dimension of this Ag 
electrode was made into 1 micrometer in the diameter of L5mm, and thickness. 
[0040] About each sample, using impedance analyzer HP4194made from Hewlett Packard A, the 
impedance characteristic was measured in the 3rd higher-harmonic mode of thickness longitudinal 
oscillation, and Qmax was calculated. A result is shown in Table 1 . 

[0041] Moreover, about the sample for specific resistance measurement, the electrical potential 
difference of 100V was impressed in 250 degrees C, and specific resistance was measured. A result 
is shown in Table 1. 
[0042] 

[Table 1] 



No. 




Qmax 


ttt&m 


1 




3.874* 


3.2941 


5.06 X10* 


2 




3.927* 


3.0527 


3.11X10* 


3 




3.962* 


7.9218 


2.86 X 10 9 


4 




3.976* 


9.7807 


1.02X10* 


5 




3.988* 


9.8662 


1.00X10 9 


6 


atm 


3.990* 


10.0972 


7.27X10* 


7 


(ttm 


3.993* 


10.4652 


6.80 X 10* 


8 




4.013 


11.6176 


5.34X10* 


9 




4.018 


12.7677 


4.71X10* 


10 




4.019 


12.0188 


4.05X10* 


11 




4.026 


13.7195 


3.36X10* 


12 




4.029 


11.0420 


2.26X10' 


13 otifc) 


4.041* 


6.4221 


2.06X10* 



[0043] By carrying out within limits limited by this invention with Bi Rich from Table 1 shows that 
Qmax improves in criticality and specific resistance high enough is obtained. 
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[0044] All the Curie temperature of this invention sample shown in Table 1 was 510 degrees C or 
more. When this invention sample shown in Table 1 was analyzed by powder X-ray diffractometry, 
the thing of a MIIBi4Ti4015 mold crystal for which it has a single phase mostly was checked. 
[0045] In addition, although the sample in the above-mentioned example was the presentation which 
added Mn, even when not adding Mn, and even when it changed to a part or all of Mn and Co was 
added, improvement in Qmax was accepted by adding Bi superfluously. 
[0046] 

[Effect of the Invention] According to this invention, the Curie point is high and electrostrictive 
ceramics which has the outstanding piezo-electric property is realized. 

[Translation done.] 
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{b6*"C*0, M"B i 4 T i 4 0 1B BISil*$». 
JtLn/ (Sr+Ln) # 
0<Ln/ (S r+Ln) <0. 5 

^fc;Ht4B i /T i # 
4. 000<4Bi/Ti^4. 030 10 

[ if 3^ 3 ] M n mm<D^m&M n O fiCft* L T 

x 0 

4 ] co mm*&m?zmmm> 1 - 3 
immy^mv^m^MAco^M^ $ ? 20 

[000 1 ] 

[«m<o«f *«»b»»3 be* 

SOT** 
[000 2] 

[0003] 3»aOTftshrt»*ff«mcKfcaB» 

tt % :E#JIX£fc»SD#A$e> PZT (PbZr0 3 
-PbTi O,B*fl0 iE*ft*©PT (PbT 

i o,) mtt£<D**u7x*4 brnfezmrzimmR 

[0 0 0 4] L*U PZTJR^PT*©BEflt*f4tt. 

urawftiHflrr w* * 300-350 "cuk© 40 

ffiSiSfffct. fflS. 2 3 0-2 5 0-CftO-C. 

^300-350 i caa©ff«*^»Btt^^£i^wxa 

[0 0 0 5] gfc. cn6ttJRBE«sf*4», {SSiT^fll 
*tt©ffi«>TW<r»Mft» (PbO) (6 0-7 0 50 
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[0006] tst±< » Uft^EWmt UTtt M 

jE^asocH-rs^a^x^-r ntjioBaT i 

•CiffiC^S), ftFBKTCBttl). ^¥9 - 1 0 

0 1 5 *<xi*?7.t)4 YWmtD (1 -x) 

( B i 1/2 N a 1/2 ) TiOj-xNaNbO, BiSft^iE 

ttstvct****, H&«Ktt**y-j5**3 7 0T*ffl 

[0007] t*« -jS* 5 0 0 "CeUifcr *5ffi«f*: 

C»5W«3W*S. QmaxiB, ftffiScO^ffi* 0 max<fc 
O/c££<9tan0maxr&£ o tftbft, X£';T*£> 

HiSattic[>IH«:*jwaQ (=|X|/R) <Dfe*rfitr& 

[0 00 8 ] 91 6S«t>t«f»jen^« (1999.5.26-2 

jHB||jt£4vci>&. c te^SWl/ftntr* 
v^JBttib^iL/T (S r^MeJ B i 4 T i 4 0 15 
*JEaS*iriii. Me = Ba. Ca, La, Sm, G 
d*C**) % Ba*5<fctfCa«x£0. 1 <D®Br. S m 
teJrtfGdBx^O. 4QJ5BT\ La^x^O. 5 CD 

3WHttCC*W^Qmax*a9)ei/T4JD. Fig. 2 KB, L 

a <D^SDtC <fc 0 Qraax**fiT*r 4 C 1 1 3W5R 3 *TC C> 

[0 00 9 3 

[00103 

■[Bffl**fifcT*fc»©f«3 ±^aw«, Tta (i ) 

- (5) ©*»5BCCjtOJifiS3#i*. 
(1) Sr. Bafc«tCJfCa^6»*?S4iS^Sc< <h 



(3) 

3 

i, Ti, LniJct^O^^WTStr^^^g^b^ 

/ (Sr + Ln) # 

0<Ln/ (Sr + Ln) <0. 5 

T£>9, *;Ut4B i/T i# 

4. 00 0<4Bi/Ti^4. 030 

(2) Mnifbi^Mt^lS ( 1 ) ©EE*fe9 Z 

(3) MnffitfyO&mm&MnOlct&noxO. 6 

2mm%jmv&z>±M (2> <deem^^ ^ 

(4) CoM^t^ (l)^(3)Olr> 

(5) CoRftftOS^CoO^tO. 711 
K*«-C*5±K (4) 0EEi«$?^. 

[00 11] 

[*W<DSQ*<WS»] Sr v Ba«$<fcCXCa^ea^3 

*^CDIEm-fe7 5 v M x \ Bi v Ti v 

LnfcJ:CfOt*firr*tr^^JB«ffc^«-c*0. M 
11 B i.T i 4 O tI HtSi*dtrtt^{fc«rr*ft. 
[0012] ^ftWOBE**^ 5 ^ **4*K:*Jt>T\ <* 
JWfc4 Bi/Ti 

4. 00 0<4Bi/Ti^4. 030 
T&£ e C<D<fc5K: % <b^«»ttJjJjr*4M ,s B i,T 
i«0 15 &C*fbB i*y ^ ^<hT-5CiCCj:D, Qmax# 
fil±-rs. /t/cL, 4Bi/Ti^4. 0 3^jBi5 
<fc. ll«ffi»i|S< ft^taiJHMJHIiSfS. * 30 
tc. Qmaxfe^£r>i:{g< fc^r L£ 5o #*5 % QmaxCD 
|Sj±**iS<"Tifci6K:tt % 
4. 010<4Bi/Ti 

4Bi/Ti^4. 0 2 8 

[0 0 1 3 ] *»?a©BE«i2^ 5 ? Qmax£3 

5>*^-fFH:. La, Ce, Pr, Nd, Pm. 40 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Y 
bfe^Lu^O. Cft60D^rte, La, Nd. 
Sm, Gd, Dy v Ho, E r isJzlFY b <£>'}>ti < <L i> 
1«##*0<> La #»W0WE«-fe 
^5 S*;W±Ln/ (Ln+M 11 ) tt. 

0<Ln/ (Ln+M 11 ) <0. 5 

0. 03 ^Ln/ (Ln+M 11 ) £0. 3 

r<fc£ 0 Ln/(Ln+M n )^tt^i k Qmax 

#;fr*-*T«<&oTl/S5. LnHfca©»»«CJ:4 50 
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Qmax<DjSj±«: % «£&t£Oft±«: t^fL 6*l5 0 £ 
/c. Ln^Ybia^WL^t^CaBi,Ti 4 0 ls ^'t2 7 

[00 14]**:. MnWBiitairs-tticitcJ:^ 
TfcQmax£fr±3tf£C£^r#* e «6C % Mniit 

#U<fa±£tf*C<t#rt£ 0 fcft-U MnWfcftO 

0. 6 0S1%OT, S^«af*L<tt0. 4 311% 
JMTirS. -ft, MnHffc^osamec J: 

0. 0 2»JI%«±SW*tl*Ci3W»*L<, 0. 0 

[0015]$fc C o S#4ciCC J: 

^{CSaiSttSfcftJCtt, C o O&gLCD^WM^O . 

0<&*0. 7J»K*SI±U cfc0*?£L<tt0. 51 

[0016] M xx *©*il/Jt*S r x Ba Y Ca f (fc/c 
U x+y + z = 1 ) Tfttsfc&fr, 
0^x^ 1 v 
O^y^O. 9. 
0^z£ 1 

V$>2>C±1>m£Ui,\ M II K: t &*i>£Ba©Jt*y#iS 

-r<&&. 

[0 0 1 7 ] **JJJ©BE«-k^5 tr^^ia 
ttft^ft-C^SM 1 ^ i 4 T i 4 0 is afil^, ^Iff 

[0018] *»ia©ff*-fe^ ^ * * *©^fttftjdctt. 

— (M x \_.Ln.) B i „T i «0(C:fcl>T, 4B 
i/Ti ( = b) *ssaiBKHi«cS«>©r**iK<t<. 

MnBtfb»*Co»fb»*^T5»^CCtt, C 
tiCC M n O *>C o O WffiJ 3 tifc i>0 1 "T ft « <£ I 

(m 1 1 + l n ) otkmtfi. {t^mmm&fr 6 ± 5 



[0019] **?90ff«-b^ 5 * ;F$&89fc 
PbO, Cr,0, 4 F e a O,&i*(D{fc^fili3H 

i?scDK{t%ficgiffur-en^n^*cDo. 5si%«t 

5ffS%^TT2>*c£#cfc:0*?£ LA>„ Cti6©Wfc 

[0020] *»s<we«-iz^ 5 * ^xojsatitt, » 

* J:9»*L<tt3--5,unrC**. 
[002 1 ] **?B©EE«i2^ 5 ?mta9-ja 
tt. 5l>ft< <tfc 3 8 O^lit^Cim, 43 0 

[0 0 2 2] 5 1/7*- 

[002 3] *»9BOBE«-fe^ 5 ? **<Dfl6flr*- Ftt 

<, fro. +#K*£fcQmax#^6ft5o 
[0 0 2 4] ft*}. *»M#6CDW&tcAfttf fc J1*T 

x/6 + 0. 2^y^0. 8 

a&^O'/gfcteC a*ffll\ M'^OCi&J&aBa + C 

Sg^Fft o ^fitcr * * c 1 3&sfe* tt m 
[002 5] feLLCHU M 1J B i 4 T i«O ia SMMK& 

i.Nb.O.attA. M II BiJa I 0,m Bi, 
TiNbO.fflea, B i 4 Ti,O al M*£ll. Bi 4 . s M 
V.T i 4 O 15 Sfe a 0 (M'tiNa, Kf©7^«;4i 
5aM><!>&< tfcli) , M" 2 B i 4 T i .Oi.MISB 

^it*<b»«aWfl«^6«»S**CiJCj:t). Qma 
x* raj_b 5 ■£ £ C i # pjfilr * S . 
[00 2 6] S&£;frfe 
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awe, *si9©ei^7 5 ^^x*«jg-r^*fficD— w 

[0027] sr. a^JDWiur, Kfb«j. *ft:tt h 
*KK«fc9IMb*Wc«i>9 5*fb£W* £88 
<k. *»fb485, ->^^Kfi, KKttS. Jl&ifcteteM 11 

CO,, Bi 2 0 3 . Ti0 2 , La,O s , MnO l , Mn 

[0028] sJct>r««r a. *c** fc am. ^tutc® 

10 ffiit^ 8 <B«iB«K3\ W£b< #7 0 0-1 ooo 
•C» J:9#*U<tt7 50-8 5 0-C-C&£ o 

(MttClKSStiftlr^ l-3B$BB£-rsC£#s 

[0 0 2 9 ] mztitcm&to&x^v-itL. «|*-Jl/5 

[003 0 ] KMim. lK^©f&5fc*f£iau Kig 
(4^8«««aS> «MinLft:«, 100 

[0 03 1 ] ^Ct»-C, JiS^***&£U BE^-fe^ 5 v 2 
X*&Z 0 ttftaKB&£ U<#1 100-1250 *C 
(DffiBa>6Stf?U ^^S0i»^L<«l-5B$Hg 

[0 03 2 ] jftftfc ^^a4f&T„ ^ffi^SC^^ 

(r*^. ^s^g«i 50-250U &mmr$iz 
1-30 ^r^, »«mw«taSsii<D i . i m&Lt t 

[003 3 ] 

40 *>^4fWL«:. 

[0 0 3 4 ] m&mPltLX. SrCO j4 Bi 2 0 3 , 
TiO l4 La.O J% MnCO.OftB**, S»fflJiE^ 
S r f , s La 0il B i b T i 4 O n +MnO (0. 511 

tttiSCtott 5 B i CD$****T b 4, a 1 CC^To 
[0 03 5 ] S^«J4+^K:fgj!aL, foJSMls 

ft®.* ^^c^xzmmamofc s^as^so 
o-ioo o-ccommfrhmiRutc. nztitcfojmt* 

50 fUtTfi^L/ca, b^fr^mv&ftLtc. 
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tc 0 ;w>ytLti o%* utT^r^- 

1 0SM%^T$S&{tL*:g, 3 0 OMPaO 
E3jT7lsXf$3&l,, ¥®ThS2 0nmX2 Odru /IS 1 

4 0 0 MPa(DE^TP*IE^ fc<fc 0 J&Jg Lfc, 
[003 6] #£ftfc/^ft£&j£U/c 0 B i 

JS8&m\Z 1 12 0-1 23 5-C<E>j6ffl^6S§ftU 

[0 03 7] ^e>n/c«^^6, Srtmx l 

Simw H^O. 5 5mmCT>«t*:ft^W0aiL^ ^ ? 
W^GTJ¥S4 4 0 um©^ffi£f#ft: 0 C<om&<D±T 

[003 8] BEWWttaSEflllf >^«Ctt, 2 5 0 'CO 
>*Y/w*x*k:4$i»-c, l. 5xe c (iw/ 

m) «±CD^W^l^Entrai'r^««tll J l:fSL//t 0 & 
*5. ±iSE c «, 2 5 0*C«:*$W44jSBB#<Z>!ft«»r 

[003 9] FeCl ^> 

CDA^SSCDxh^i, ESI. 5 rim, I$UmiL 

[0 04 0] &-^>^;Hcoiir, ta-i/^/>'^ 

- FttSg^>fc , -#>;*T:^^1fHP4 1 9 4A*ffl 

[0 04 1 ] itlflXnem^^CC^trtTU:. 
2 5 O'Ctctel^T 1 0 OW>WBE*01flnU HdfflKtSJ 
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3.874* 


3.2941 


5.06X10° 
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3.927* 


3.0527 


3.11 X10 9 
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(JttSD 


3.962* 


7.9218 


2.86 XIO 9 


4 




3.976* 


9.7807 


1.02 X MP 


5 




3.988* 


9.8662 


1.00X10 9 


6 




3.990* 


10.0972 


7.27 X 10* 
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Ctt*» 


3.993* 


10.4652 


6.80X10* 


8 




4.013 


11.6176 


5.34 X10 8 


9 




4.018 


12.7677 


4.71 X10 8 


10 




4.019 


12.0188 


4.05 X 10 s 


11 




4.026 


13.7195 


3.36 X10 8 


12 




4.029 


11.0420 


2.26 X10 8 


13 (Jttfe) 


4.041* 


6.4221 


2.06 X10 6 



[0 04 3 ] Sil*>6, **MriH5er*ttBrtK:*>i> 

[0044] aitc^-r*^if>^;K7)* A y-jaa 
tt % t^t5 1 OWlh-Ct-sfe. * 1 cc*-r*«95* 
>^«»*X«B*fffificJ:f3»tffL]fhifcC5, M ,X B 

[004 5] fcfc, ±l3IJI6«6C*5WS*>^l'ttMn 
Mn©^*fctt^attc»«.rCo*JBani/^:» 

[0 04 6] 



(6) 



«f§32 001-220226 



(72)^# ilfe F ) 4C030 AA08 AA09 AA10 AAU AA13 

K^SP^AEB^fS— TB13S 1 ^ AA16 AA25 AA28 AA43 BA10 

~fWr-*^flg££ttW . CA01 

4C031 AA04 AA05 AA06 M09 AA11 
AA19 AA22 AA35 BA10 CA01 
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[^i0]?^13¥8^1 45 (200 1. 8. 1 4) 
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[ttiSI##] ftM2 0 0 0 -3 0 7 3 1 (P20 00-30 73 1) 

C04B 35/46 

35/495 
H01L 41/187 
[F I ] 

C04B 35/46 J 

35/00 J 
H01L 41/18 101 3 

m&U) ?JSSl3¥7fl26H (200 1. 7. 2 
6) 

[**»iE 1 ] 

[fS^ll] Sr. BafcJr^Ca3&>6jltRSn54> 
lacDTC^^rM^-C^L, 7>^/^F^S 
iR$*a£4>fr< chfe l»WE**Ln-C* I, M 
*\ Bi, Ti, LnteJzVO&^m'tZVZ^xmVt 
ffc^BTC**). M"B i 4 T i.OxsfflUSa***. *rJb 
tfcLn/ (Mll+Ln) # 
0<Ln/ (MH+Ln) <0. 5 
r^O, ^tt4B i /T i# 
4. 000<4Bi/Ti^4. 03 0 

[#SS?fiIE2] 

[ffliE»^S«] 0 0 10 

3£H 



[0010] 

[^^^-r^/casb^e] jbiaaw^ tie ( i ) 

- (5) <D&§tmc<}:')mj8 t 2ftZ 0 

(1) Sr v Ba*5j:^Ca^6iMlRSn-5^< t 
fc l^CDTn^^rM^T^U, "y>Zs A Yi^hMVi^ti 

r&'K M^Bi^i.OnSJSM^ ^JtLn 
/ (MH+Ln) 

0<Ln/ (MH+Ln) <0. 5 

*;Hk4B i/T irt* 
4. 000<4Bi/Ti^4. 030 

(2) MnBMfc»*£*rr*Jbe (1) (DBE^-fe^5 

(3) Mn^b^CD^WS65MnO^SLL"CO. 6 
2««%*«r*4±E (2) cr>EEm-fe5== 

(4) Co&fM&£^fnr£±fE (1) - (3) <Dl> 

(5) cowntm<D^mt)icootkn-co. mm 
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